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(57) CLAIMS 

I . : A method for trcatiiig grain (^nap^sing: placiiig ^riain at am ambient prcssunp 
and tcatlperature; heifin^ the grain to a teroperatw^ near the maximum plasticizing 
temiierature for A duration of about 1 nujilite tb no more than 3 minutes at the arabi^t 
prcsstir^ pifeisihg the grain between rotating rollers of a rdtary inill ihstaiied at ?in 
interval of 0.05 to O S mm afiart imm^iately after the grain has reached this 
temperature, and returtung tfie product obtained from the rollers to tie ^bient faresstire 
and ten^erature. 

DETAILED DESCIUPTION OF THE^ 

Grain at an ambient pressure is mechanicaUy deformed by passmg bietw^ri 
mill rollers separated by a distance of about 0.05 mm, at which time the grain reached 
maximurn plasticity at a teici^erature of about 143 to 1 60'*G and preferably 154'^C. 
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Numerous types of treatment methods have been proposed to provide grain for 
use as food having high levels of nutrition and digesti^^^ Extensive research has 
also bei&n conducted on providing nutrients to animals other than moiiogastric animals. 
These preliminary treatments arc specifically intended to interact with the biochemistry 
of jDOonpgastric animals in order to enhance the eflSlcacy of nutrients contained in the 
grain witji respect to the animals. In addition, although considerable research has ailsp 
been conducted pri grain for use in huinaiis and other moilpgastrjc artitnalSj the range of 
rnire^lved fields Is e)q^ 

A typical object of the presrai invention is to impro ve on a mcihod for treeing 
grain to improve the applicability of gram as a food for moriogastric a^imal^ and to 
iniproVe the ability of monbgastric animalis to utilize the starch present in gr^iii in 
partictilar. . ^ ; ■ 

/imother object of the preisent invention 13 to provide a graiii treatnieoit method 
capable of obtaining a nutntionai fortn far superior \vith rcsj^ect to digestion and use of 
starch in its natural foiTO within grain by a^^^ 

Ajiother object of the present inyerttibn is tb provide a grain treatment method ^ 
that is tiot accompanied by heating for a long period of time in order to convert grain 
starch for consumption by humans and other moiiogastric animals. 

StiU another object of the present invention is to p^^^ 
glim for iniprb viiig the nutrJtk>na^ characteristics of grain without cooking for a long 
p^iod of time in water. 

$till another object of th^ present invention is to provide a method for treating 
graiii for jmprpvihg the digestibility starch present in grain without using ia liquid. 

Another object of the presscnt invention is to impro^ nutritional 
cibaracteaisticR and^ fe^ ^ 

The jojethod oi the iflresent inv^^^^ is siiminanz^ by t^^^^^^ 
usii^ hiisked or non-husked 

(a) The grain is heated to ^ tcmpferature corresponding to the maximum plasticizing 
, ten^eratiire of 

(b) This heating is carried out for a comparably short period of time. 

(c) Tlus heating is darned 

(d) Th^ grain is mechanically ^^d^^ 
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an interval of about 0.05 mm. 
(e) The grain that has pass^ between the rollers is cooled by ordinary methods. 

The following provides an explanation of the method 
Hiisked or non-husked grain is heated to the maximum plasticizing temperature thereof 
with hot dry air. This temperature differs for each type of grain depending on the 
individual structures of starch granules within the grain. The starch granules are 
granules tiiat numerous starch mpi^uies are typically densely gathered in a helical 
shSpe. As an effect of heatingrthe oscilJations b^eeii siarcli molecules witfam the 
starch granules increase;, the structure of thp starph granules becomes distorted^ and the 
granules become even more flexible, thereby eausii>g t^^ of the ^ain to 

inbrea^. A coiiapai'ispn of the starch granules of yarioUs gi^ins revealed that xnilp 
starch grmuleSj ipr ^xamplej have the indit di$Me tissub structure, while barley aiid oats 
have the least dense tfesuis stnicture; and wheat and com have structures of iritemiediate 
density. It was found that grains having a istarch granule sfinicturc of even higher 
density require an even higher temperature for acl>ieying the maximum plasticity of 
that grain. Thus, it was found that the maximum plasticizing temperature of barley 
and bats is about H3°G/ that of wheat 15 about 150^0, that of com is about 1 54°C ahd^ 

that of mijo is about 1 60*^C. 

Once each grain has been heated to itsmaximum plasticizing temperature, it is 
prbii^ly inserted between a pair of rofating mill roUers installed at an interval of about 
6:05 rnin. When pas|sing between these rQllers, the grain is deformed by its 
plasticizatipn and takqs on a new fciml without bfiing substanlially gro^ or cni$hed. 
For thiis reason, there is no g^emtion of unde^jNbte The rollers 

themselves are preferably also heated to iand niaintained a^t a temperature suitable for the 
grain, this is l^ause it ts jui^ to niaihtain maximum plasticity while the grain 
is roiled between die rollers, buring the tiine the fherinoplastic grain passes between 
flie rollers, the siiw^ of the starch granul^ within the grain is ^stroyed by strict 
flattening attributable to the rolling so that the structure 4oes iwjt return to the qriginal 
dense^ typically helical structure during sub$e<^ The de^oy^^ structure 

of the starch granules is^ easier to digest becaus^ it is more easily hydr^ed, IS more 
susceptible to attack by animal digestive enzymes, and leads to the formation of Stabler 
ar><i more easily digestible compounds iii the manner of glucose resulting from 
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hydrolysis of the starch. In this manner, the efifect of this method lies in the formaition 
of easily digestible products resulting from destruction of the staicl^ granules within 
grain. After rolling, the grain is cooled to the ambient temperature. 

As an example of the method of the present invetitton, whole wheat was heated 
to ISO^X; fojr ^0 seconds. Thiis was thiah passed between rollers having an interval of 
0.05 nm. Next, the wheat treated in this rhanner was tested with respect to uhtreaied 
wheat to determine the rate of increase in digestibility at)^ to the method of the 

present invention^: According to this test, the treated wheat was lR)und to demonstrate 
ah 89% increase in digest i^^ 

As described in volumes 41y no; 2, page 26 of "FoodstufifeT published on 
January 11, 1969, the test procedure used tp make this determination includes k 
comparison between treatcdi grain and fiiiely crushed untreated jgraiii. The grain 
sample to be tested is incubated for 30 Tnirmtes at a teniperature of 40^G at a ratio of 1 g 
of gram ^mple to 250 mg of pancreatic enzyme used ais a typical digestive enzyme of 
monogastric animals (porcine pancreatic enzyme, using N.E standards). The resiilt 
\vas a colored compound/ and this colored compound was subjected to 
speetrophotometric analysis to deLermine the degree of hydrol>^is of the samplfe in a 
direct correlative reljationship with the digestibility of the grain sample. Thus, as a 
result of this test, the dig;estibility of tte ti^eaLtcd gyaln was determined to be greater than 
that of nntreated gra^^^^ 

Iftlth respect to changes in the factor of the grain heating temperatiire in the 
method of tlic present iivention, based on die results of a test usmg wheat grain at a 
heating temperature of other than 150**G whije maintaining the int^al between rollers 
at 6,®5 inin and the heating tirrte at 90 seconds, wheat treaty at 16Q°C was found to 
deinonstr^ sn 89% increase iii cJigestibilit)^ wheat treated at 143^G >Va^ found to 
demonstrate an 84% increase, wheat tre^ed at 132^^0 wa$ found to demonstrate a 71% 
increase, and wheat treated at IIS^C was fbimd to xiemonstrate a 56% inprease in 
digestibility as compared with untreated wheat. As indicated by these results, in the 
case of a heating temperature near the maximum plasticizing temperature, the increase 
in grain digestibility only changes slightly. More specifically, data from the 
aforementioned report on wheat indicates that the change in increased digestibility is 
only 5% in the case of a temperature irange of 143 to 160'*C. This slight change iri 
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increases in grain digestibility in the case of a temperature near the maxirouTn 
plHsticizing temperature is typical of grains, and is due to the similarity of starch 
granules within the grain. Thus, a satisfactory example of the present invemion can be 
demonstrated iii the case of the grain heating temperature being maintained at 143 to 
160°G, and prcfcrs&ly about 1 54^C, regardie^ of the selected grain. 

If tl^ere is a substantial decrease in the initial heating ten^erattire, in addition to 
the decrease in digekibiiify^ indicated iii the aforementioned wheat test data, grain 
plasticity has aJso been fpiind to decre^e significantly: If tlae plasticity is sUfBfciently 
loW, the grain ends up being cnished when rolled. This brings about a result iii whicji, 
iratheir than cdmparativejy large discrete grains hiaving a roiiilded or flattened, srnooth 
shape, there is a larger proportkm of grains haymg an undesirable, narrow and 
rectangular shape, thus 

In the casb of using a temperature higher than i6Q*^C, the grain becomes 
overcooked and discolored, and has poor flavor and taste. At a temperature inuch 
higher than IbO'^C, the plasticity again decreases and grindability increases as a matter 
of practice. This is most likely due to a substantial release of moisture from the grain. 
Moreover, itreatinent at a temperature sufficiently higher than the aforementioned 
te^nperiture range causes greater susceptibility to the occurrence of Undesirable rpastmg 
oi' caranaelization of the grainy resulting in^jgenerally undesirable flavor^fo most people 

Iii^^ addition, at subsiaaa^ higher temperatures, digestibility tetods to decrease, and 
this is thoiigbt to be due to the formatipri of pyrottextrin. In the case of milo grain^^ if 
the teniip^ture range subsiantially e^iceeds the aforementioned rahge, the waxy coating 
of tbe miio graiiis melts, which can cause agigtegation and iir^air the treatment process. 

Wiih^ respect to changs^ in the &ctor of heiting time in the method of the 
present invention- the required time foi^ this iieating under ordinary coiiditioris varies 
according to several fectprs including the starting tetqiefatuj-e of the grain, grain 
moisture coiitent and grain size. In general, if the heating tim^ is iciss than one miipte, 
the heat is not uniformly distributed throughput the griirt: This resut^ in non-uniform 
plasticity within the grain, and tends to cause an increase in grain grindabilfty. ^ ; 
higher nK>isture content in the grain requires an ^^i^ longer duration of heating to 
achieve a suitable treatment temperature. This is because excess moisture must be 
related j>rior to the temperature rising so tfliat the grain temperature approaches the 
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maximum plasttcizing temperature required for the next treatment. Grains having a 
large size in the mariner of cam tend to require an even longer heating tirne because a 
greater amount of time is required for the heat to uniformly pass through the large 
grains. Mowcycr, in the case of a heating time of longer than three minutesv all of the 
grains become overcooked^ resulting in poor; flavor and increased susceptibility to 
crushing. 

With respect t<> the requiremeni of the gtaih bping hekted in a dry state, boiled 
or steiEU[n-he$ted gr^in does hot feach the desired inaxiziium^ plastidzing tcmp^ature 
range prior to rolling. In addition, wet4ieated gra^^ 

tends to impair treatment W before and after rolling. Moreover, if gmin is tr^^ted 
with the husk still attaclied; it is iiOt easy to st^arate the husk from the wetrheated grain, 
causing undesirable components to reriiain in thc rolted finished £>roduct. 

^ With respect to ch^ in the fector of roHcr inteaival in the method of the 
present invention, aceording to a test oh wheat carried put at about 154**G w 
changing ihe roller interval, there was found to be no sub^ttahtial detriment effect on . 
product digestibility u^^^^ interval exceeded about 0.5 mm. The reduaioh in 
digestibility at a roller interval in excess of about 0,5 mm was thought to be dtie to the 
combination of two factors. The first is th^t the starch granules within the grain are 
$uibjccted to less destruction at a greater rbller interval, while the second factor is that 
the rolled grain surfece area subjected to attack by digestive enzymes is reduced at a 
larger roller intervaL This is because the final gi^ prothict is not flat in the case of 
beiiig rolled at a roller ^ 

individual exaSmples of the eSects of the ni^thod of the present inybntibh: for 
grains other than wheat are as ^^:d 

Cora grain heated for 9(> seconds at 154^C and passed between, rdne^^ 
having an interval of 0.05 mm. Use of the test procedure ^escribed above revealed 
ith^t tteatedl corn d^moristrated a increase in digestibility as con^ared with 

untreated com. . ' 

Milo grkin was hc^tcd for 90 secpnds at 154 "^C aud passed betWMh rollers 
having an interval of 0,05 rrun. Use cvf the test procedure described above reyealed 
that treated tnilo denipnstrated an 87% increase in digestihiHty as con5>ared with 
untreated milp. 
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Barley grain was heated for 90 seconds at 154''C and passed between rollers 
having an interval of COS rnm. Use of the test procedure described above revealed 
that treated barley demonstrated a 100% increase in digestibility as compared with 
lintreated barley. - 

As a result of the aferenientioned pi'ocessy 
by mpiipgastric animals able to be produced using extreniely short heating aiid roller 
tr^tment times at a suitable tempCTature viithout haying to moisten the grain or carrying 
puit a Spiling j^rocedure for a long psriod of tiine, and the resiiltmg dry grain products 
liave suhstauitially increas^ 

Th6 present invention can be ; summ in the manner de^^^^ 
additicm to that described in the claim^ : . . 

(1) iTie method describe the heating tcmperatiife is 

(2) The method described in the claim whereiii the temperature of the rollers is at a 
temperature close to the temperature of the grain. 

(3) The method described in the claiin wherein the grain is passed through the rollers 
iomiediately after haying reached a temperature of 143 to 1 60*^0. 

{4) The inethod described ^^ta claim wherein the grain is subjected tp inechanical 
deformation while it is subjstaritially at the maximum plasticizing temjpei^atiirc 
■- ■'^'■therebf • , •:. . . ' : ^ ' ■ i 

(56)CiMPo<^^ 
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